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INTRODUCTION
Genetic diversity found in barley (Hordeum vulgare L.) provides wide opportunities to identify and create barley varieties for different end uses. Barley has little use for human food in Europe, but is widely used for this purpose in Asia. In the developed countries, the predominant use of barley for human food is the production of beer from malted grain. In developing countries, however, a considerable amount of the grain is used as a cereal and for bread making. The interest in the use of barley in other industrial food applications besides malting has recently grown as barley has the potential to be used as an alternative to the more commonly used cereals (Baik and Ulrich, 2008) . However, due to the low use rate of barley in the food industry, there are no generally accepted requirements for food barley, except for the limits of the prevalence of fungal toxins and other antinutritive compounds (Anonymous, 2006) . Nevertheless, the physical and chemical characteristics of barley are an important aspect to be considered to reinstate barley as a human food. Therefore, barley breeders continue to breed for these traits as well as investigate new ones that could be beneficial, particularly in term of health benefits for humans.
Barley grain provides low fat, highly digestible carbohydrates (mainly starch) for energy, relatively well-balanced protein to meet amino acid requirements, and insoluble and soluble fibre with general and specific health benefits (Baik, 2014) . The health claims are mainly based on the capacity of barley foods to positively affect serum cholesterol and glucose levels, which in turn affect cardio-vascular health and diabetes control (Ames and Rhymer, 2008) due to b-glucan, a soluble dietary fibre located in the subaleurone layers, endosperm adjacent to the subaleurone layers, and throughout the endosperm (Izydorczyk and Dexter, 2008) . There are various possibilities of b-glucans exploitation as functional ingredients in food, cosmetics, and pharmaceutical industries and as food additives also on the basis of barley b-glucans (Havrlentova et al., 2011) . The interest for the role of natural antioxidant compounds in human health has been increasing during the last few years. Barley grains in general contain different types of phytochemicals, and in barley the most investigated compounds are sterols, tocopherols, tocotrienols, and phenolic compounds and antioxidant activity (Newman and Newman, 2008) .
Barley must undergo various processing steps before human consumption, which greatly affect their composition and PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 71 (2017 ), No. 6 (711), pp. 468-473. DOI: 10.1515 /prolas-2017 BIOCHEMICAL COMPOSITION OF SPRING BARLEY GRAIN PEARLED TO VARYING DEGREES Mâra Bleidere 1,# , Zaiga Jansone 1 , Ilze Grunte 1 , and Ida Jakobsone physicochemical properties (Sharma and Kotari, 2016) . These properties play an important role in the development of new products. Most barley is what is called "covered barley". One processing method is pearling, a common commercial process whereby the inedible outer hulls are removed and kernels become polished. Minimally processed grains such as dehulled barley is the whole grain form of barley because only the tough inedible outer hull has been removed. When during the pearling process part of the outer bran and embryo is left on the grain, it is known as lightly pearled or pot barley. Removing all the aleurone and embryo produces pearl barley, which is heavily pearled barley (Baik, 2014) . A specific type of barley such as hulless barley has an outer hull that is so loosely attached to the kernel that it generally falls off during harvesting. The grains of hull-less barley may also be pearled further, if the removal of bran layers is desired (Baik and Ullrich, 2008) . Wholegrain and pearled barley may be processed further by flaking, dry roasting, puffing or milling, for producing different bakery/food products, for example, breads, pasta, or meal components such as barley rice, or for healthy snacks, cookies and other specific barley products with high content of barley beta-glucan (Baik, 2014) .
Currently in Latvia the leading grain processing companies are using only the covered type of barley to obtain the barley end-products. Commercially available barley products in Latvia are pot barley, grits, flakes, and flour. Milling companies remove up to 50% of the barley kernel in the abrasion process, in Latvia it is about 30% of the barley kernel. The degree of pearling depends on the end-use of the pearled product, but the quality of the initial barley grain is also important. The concentration of crude protein, starch, crude ash, b-glucans, and total phenolics, and the antiradical activity, were determined in spring barley to identify differences in chemical composition of dehulled and pearled grain products affected by the various degrees of pearling.
MATERIALS AND METHODS
The following two-row covered spring barley genotypes were used: five promising lines from the Latvian spring barley breeding programme (ST-12902, ST-13083, ST-13074, ST-12924, ST-12835) ; four commercial barley varieties 'Quench' (Germany), 'Ansis', 'Abava', and 'Jumara' (all Latvian) from the Latvian Catalogue of Plant Varieties; barley accessions 'Grimmet' (Australia), 'Landsorte aus Tirol' (Austria) with high crude protein and b-glucan concentration (Bleidere and Grunte, 2008) Grain sizes and pearling conditions were based on conditions used in a Latvian commercial pearling operation of "Dobeles Dzirnavnieks". Covered barley grain polishing or pearling was performed by using a small-scale barley pearler (Dimo's Labtronics) using a No. 30 grit stone. Barley samples (50 g in triplicate) over a 2.2 mm screen was used for pearling to varying degrees to obtain two types of barley products: dehulled and pearled grain. Barley grains were pearled for 0.33 min to reach extraction percentage of 12% by weight of the original kernel by removing only the hull to obtain dehulled barley or whole grain samples of covered barley. Grain was pearled for 1.4 min to reach extraction percentage of 30% by weight of the original kernel to obtain the pearled grain fraction. The required pearling time was adjusted based on the optimum for barley variety 'Ansis' (Latvia).
Chemical properties of barley samples were determined in two replicates. An acceptable maximum difference among duplicate results was 0.2% for crude protein, starch and crude ash. Grain samples were ground using a Knifetec 1095 Mill (Foss). Sample weights were calculated on a dry weight basis. Crude protein concentration was determined by Kjeldahl method (LVS 277). A nitrogen to protein conversion factor of 6.25 was used. Starch was analysed by the Evers polarimetric method (ISO 10520), and crude ash by dry ashing procedure at 550°C (LVS 276:2000) .
The total phenolic concentration (TPC) and 2.2-diphenyl-1-picrylhydrazyl (DPPH) antiradical scavenging activity (RSA) assay were determined according to a method described in the literature (Ragaee et al., 2006) with some modifications. For the determination of TPC and for RSA, 1.5 g of grain flour was placed in a Erlenmeyer flask (250 mL) and mixed with 30 ml of 50% (vol.) ethanol. The mixture was stirred at 40°C for 15 min and then at room temperature for 1 h. After extraction, the supernatant was filtered through a filter paper. The filtrate was used for the analysis of TPC and RSA.
The TPC determination method was based on reduction of the Folin-Ciocalteu reagent by phenols to a mixture of reaction products, and measurement at absorbance maximum 765 nm. One millilitre of extract was mixed with 5 ml of 10% Folin-Ciocalteu's reagent in distilled water and 4 mL 7.5 % Na 2 CO 3 solution, stirred for 30 min at room temperature and the absorbance at 765 nm was measured using a spectrophotometer UVIKON 930 (Kontron Instruments, Italy). TPC was calculated using gallic acid as a standard and expressed as mg gallic acid equivalents (GAE) per 100 g of grain dry weight (DW).
In RSA assay, 0.4 mL extract (sample) or 50% (vol.) ethanol (control sample) was added to 3.6 ml of 10 -4 M DPPH solution in ethanol and mixed. The mixture was vigorously shaken and left to stand for 20 min. The absorbance at 517 nm was measured against 50% (vol.) ethanol as a blank. The DPPH radical scavenging activity (%) was calculated using equation (1):
A control is the absorbance of the control sample; A sample is the absorbance of the sample.
Significant differences among trait means of different pearling fractions were tested by the t-test paired two samples for means. Simple correlations (Pearson correlation) were determined and regression analysis was also conducted.
RESULTS
Crude protein concentration in the dehulled covered barley grain varied from 89.9 to 149.9 g·kg -1 , and in the pearled grain from 84 to 140.7 g kg -1 (Table 1) . The difference in crude protein concentration between these grain fractions was significant (p < 0.001), where pearling decreased average crude protein concentration by 8.6 g·kg -1 or 7.7%.
The correlation coefficient determined between crude protein concentration in dehulled and pearled barley samples was high and significant r = 0.985 (p < 0.01). This indicates the potential to produce high-protein pearled barley product using covered barley grain characterised by high protein concentration.
This relationship was also high and significant when varieties 'Grimmet', 'Ladsorte aus Tirol' and breeding line 'G-83' with high crude protein concentration were excluded from the dataset r = 0.878 (p < 0.01). Only these genotypes showed higher crude protein concentration in the pearled product than in the commercial sample of pearled barley. Crude protein concentration in grain for unprocessed hulless barley varieties 'Irbe' and 'Kornelija' were variable and higher than in most dehulled grains of covered barley genotypes.
The difference of crude protein concentration among dehulled and pearled grain samples was from 2.7 g·kg -1 for barley variety 'Landsorte aus Tirol' to 18.5 g·kg -1 for barley variety 'Abava'.
Rather high variation was observed also in starch concentration in the analysed grain fractions (Table 1) . As the outer layers of the grain were removed by pearling, the starch concentration in the pearled grain increased. The increase of average starch concentration in pearled grain (by 46.3 g·kg -1 or 6.8%) was statistically significant (p < 0.001). The correlation coefficient of starch concentration between dehulled and pearled covered barley grain was high and significant r = 0.960 (p < 0.01). Ash concentration among dehulled barley varied from 14.2 to 18.7 g·kg -1 and it was higher for genotypes characterised with comparatively higher crude protein and b-glucan concentration. As the outer layers of the grain were removed by pearling, crude ash concentration in the pearled grain significantly (p < 0.001) decreased (by 3.4 g·kg -1 ), and a larger difference was observed for genotypes with high b-glucan concentration in the dehulled grain product. (10.3 g·kg -1 ) lower as in the pearled grain of covered barley included in this trial.
There was rather high variation in the total phenolic b-glucan concentration among dehulled whole grain samples of covered barley, with a range from 166.8 mg GAE 100 g -1 DW for barley variety 'Abava' to 212.2 mg GAE 100 g -1 DW for barley genotype 'G-83' with black colour grain (Table 3) . Pearling resulted in a significant decrease of phenolic b-glucan concentration in the pearled grain product (on average by 52.4 mg GAE 100 g -1 DW or by 29%), compared to dehulled or whole grain of covered barley. The phenolic concentration in the whole grain of covered barley samples was 1.30 to 1.61 times higher than for pearled grains. Higher total phenolic concentration in dehulled grain was found also in the breeding line 'ST-13074' (204.1 mg GAE 100 g -1 ), and also in respective pearled grains (144.9 mg GAE 100 g -1 ).
As the outer layers of the grain were removed by pearling, average radical scavenging activity in the pearled grain was significantly (p < 0.001) lower (by 34%), compared to that in the dehulled grain fraction; a larger difference was observed for genotypes with high radical scavenging activity in the dehulled grain fraction. Total phenolic concentration and their activity in grains of both hulless barley genotypes were higher than in covered barley. The commercial sample of pearled barley had lower total phenolic concentration and radical scavenging activity than in dehulled and pearled fractions. There were no significant relationships in total phenolic concentration and their activity between dehulled and pearled grain.
DISCUSSION
Covered barley grain is comprised of the hull, pericarp, testa, aleurone, endosperm and embryo (Newman and Newman, 2008) . In this study, a short pearling time of 0.33 min was used to produce dehulled grains from covered barley, resulting in whole grain or unprocessed hulless barley.
As a result about 12% by weight of the covered original kernel was removed, mainly consisting of the hull and some of the other layers. About 70% pearled grain was obtained by pearling the grain of covered barley for 1.4 min. The resulting fines amounted to about 30% of the original kernel weight and contained much of the pericarp, testa, and aleurone layers together with some of the embryo and endosperm. In a two-row covered barley kernel, the approximate proportions of different components of barley grain are 10-13% hull, 2-3% pericarp and testa, 4-5% aleurone, 77-82% endosperm, and 2-3% embryo on a DM basis (Baik and Ullrich, 2008 CPB** × 121.5 ± 9.5 × 39.9 ± 3.6
Hulless barley, unprocessed grain pearling. As the outer layers of the covered grain were removed by pearling, crude protein concentration in the pearled grain decreased significantly, and the starch concentration increased. Crude protein concentration decreases and starch concentration increases from the outer fractions to the inner grain (Sumner et al., 1985; Klamczynski et al., 1998; Liu et al., 2009) . Pearling process removes most of the aleurone layer, which has higher protein concentration (Jadhav et al., 1998; Sullivan et al., 2010; van Donkelaar et al., 2015) . The embryo tissue, which usually is partly removed during pearling, is rich in protein (more 30% of the grain) (Shewry, 2014) .
Among cereals, the highest concentrations of b-glucans are found in barley and oat grains (Havrlentova et al., 2011) . Unlike oats, in which most of the b-glucans are concentrated more in the outer portion of kernel, in barley b-glucans are found in the aleurone, subaleirone and throughout the starchy endosperm (Baik, 2014) . This can explain why pearling of 30% of the grain had little effect on b-glucan concentration. In some of the analysed barley varieties, b-glucan concentration increased in the pearled product. Similar observations were reported by Liu et al. (2009) . In the study of Klamczynski et al. (1998) in 40% pearled kernels of covered barley, b-glucan concentration increased by 12 g·kg -1 compared to nonpearled kernels, an reached a peak at about 60% surface removal (van Donkelaar et al., 2015) . In a study with hulless barley, b-glucan concentration was observed to increase also from external to the internal layers of grain (Blandino et al., 2015b) . As cell wall material is one of the three main structures in barley endosperm, in addition to the protein matrix and starch granules, a relatively high level of b-glucan in endosperm is expected (Jadhav et al., 1998) .
As the outer layers of the grain were removed by pearling, crude ash concentration in the pearled grain significantly decreased. Our results agreed with data reported also in other studies (Blandino et al., 2015b; Klamczynski et al., 1998; van Donkelaar et al., 2015) . Concentration of all minerals are decreased by pearling, mineral content is larger in the bran and germ (Shewry, 2014) .
Among cereals, barley can be a good source of phenolic compounds that are bound to cell walls and mainly can be found in the bran and germ fraction, and thus whole barley flours provide greater overall physiological effects and higher health benefits (Dykes and Rooney, 2007) . Metabolites like phenolic compounds possess antiradical and antioxidant activity (Ragaee et al., 2006) and play a preventive role in the development of cancer, heart and age related diseases (Halliwell, 2007) . Our results indicated that grain pearling reduced both total phenolic concentration and antiradical scavenging activity decreased significantly (p < 0.001), as the concentrations decrease from the external to the internal parts of grain. The highest phenolic concentration was observed in the outermost fraction (Madhujith et al., 2006) . Similar observations were reported also in a study on hulless barley, where the total antioxidant activity was higher in the 15-25% pearling fractions (Blandino et al., 2015a) . Therefore, pearling makes it possible to obtain barley fractions with different amounts of phenolics, and thus different antioxidant activities (Holtekjolen et al., 2011) .
In the present study there was considerable variation among barley samples in all analysed chemical traits for the dehulled (or whole) grain, pearled grain of covered barley, and also hulless barley. These differences in chemical composition of barley varieties may be explained by genetic variation, since the varieties were grown under the same environmental conditions. These differences in chemical composition can be considered when selecting a barley variety as raw material for pearling and nutritional quality of end product. According to Nair et al. (2011b) , kernel loss due to pearling was 28.8-38.4% and showed significant negative correlation with grain hardness index, which is a resultative trait of the complex interaction between compositional and structural endosperm components (Nair et al., 2011a) .
Unprocessed hulless barley has higher crude protein, b-glucan, total phenolic concentration and radical scavenging activity in the whole grain, than in covered barley genotypes. The covered genotype 'G-83' with blue seed coat had higher crude protein, b-glucan, and total phenolic concentration and their radical antiscavenging activity in both dehulled and pearled grain fractions. Barley varieties can be modified further by selection on the basis of appropriate pearling quality and improved chemical composition providing functional properties of whole grain and pearled product. Our results showed that covered barley after minimal processing and hulless barley could both be considered as whole grain barley, and both make good choices from a nutritional standpoint.
The results of the present study confirmed that barley pearling is a refining process, as it removes protein, soluble fibre and minerals, and other biologically active compounds like phenolics and their associated activity. Pearling produces rather high amounts of the waste fraction and deteriorates the nutritional value of the resulting barley flour. Additional research is required to evaluate the properties of different barley fractions including also analysis of outer kernel layers or fines produced by pearling, in relation to the used genetic diversity. Preservation of beneficial components by optimising the pearling degree could be an important issue as well.
